;e3eld].zJZttudvLw6yT.zBNI1 6 JUG 2004 1 SPECI FI CATION TI TLE OF TH
| NVENTI ON net hod for -purifying tungsten hexafl uoride of high purit GIUN 2004
- TECHNI CAL FI ELD The present invention relates to a nmethod for purifying
tungsten hexafl uoride of high purity, and nore specifically relates to a
met hod for purifying tungsten hexafl llllnori de of high 10 purity and renoving
nol ybdenum hexaf | uori de, which contam nates tungsten hexafl uoride, both
cheaply and efficiently. BACKGROUND OF THE | NVENTI ON Known net hods used as

- met hods for purifying tungstenstbchexaklruori de are reactions of chlorides
of tungsten with fluorides such as HF and AsF3 and reacti ons of .netal
tungsten with fluorine. If it is assuned that. inpurities, other than _
nol ybden whi ch have cont am nated tu~qgsten hexafl uori de produced by these

u

20 met h%B“gl%r P hoSeE of LRI T s dift#ediorfdes Pumidsd Nanpdrindsésrcan be
readily, nd-r ved from tungsten hexafluoride by using a

di ffere%%ggﬁ%gégg??ngfp%% Lrlﬁtll‘%/)élpor pressure of tungsten hexafl uoride
from those of these inpurities. However, nolybdenum has simlar properties
to those of tungsten because 25 nol ybdenumis a congener of tungsten and is
t her ef oreCdiNf€ATUFIELD Separate and renove by distillation. As the nethod
for- renmoving nol ybdenum fromtungsten, a nethod is described where a netal
pi ece makes cHhtaeresnth nmgystiam hexlafdaforticde method eimpematuirty ivet ween 100
and SOO-C (gJaganEse ..~ 8. J UN 2004 -2 Patent No.2848717). Using this

met hod, “PEIPE>ReBEE8aFYOF bfiCaPl Bf Shh&Urinyst éRchedr e de s

convertedy L. LUNISI RO hod fFor purifying tungsten hexafluoride of high

10  purity and removing molybdenum hexafluoride, which contaminates

tungsten hexafluoride, both cheaply and efficiently.

BACKGROUND OF THE INVENTION
Known methods used as methods for purifying tungsten
15 hexafluoride are reactions of chlorides of tungsten with
fluorides such as HF énd AsF; and reactions of metal tungsten
with fluorine.
If it is assumed that. impurities, other than molybdenum,
whichhavecontaminatédtﬁngstenhexafluorideproducedknrthese
ﬁiﬁ 20 methods are those of chlorides and fluorides, these impurities
can be readily separated and removed from tungsten hexafluoride
by using a differencé in boiling point and vapor pressure of
tungsten hexafluoride from those of these impurities. However,
molybdenum has similar properties to those of tungsten because
25 molybdenum is a congener;of tungsten and is therefore difficult
to separate and remove by distillation.
As the method for removing molybdenum from tungsten, a

method isdescribedwhereametal piecemakes contact with tungsten

hexaflucride at a temperature between 100 and 500°C (Japanese




trifluoride and a distillation tower for purification therefore has to ke%ﬁ
"the tenperature in a range from 100 to SOO~-C. This 5 nethod is t her &ffop gl 2004

nei ther suitable nor effective when running costs are taken into

consi deration. Mreover, the above described technol ogy carries out heating

to a high tenperature ranging from|Q0 to 500 C to cause deconposition of

WF6 by installation of a packed towef nade of 10 SUS (stainless steel.) The

present invention provides a nethod for purifying tungsten hexafl uori de of

hi gh pusdtanmt wheraigzproduetiiog ofitunasien hexablyardde of dygheq purity

than in the related art is possible in a straightforward manner and at a

| ow costf 15eDl SCGLOEMRE OExFHEULNVENTItON Bakideg: vienttedconsi daenagkien t hat

descri bed above,the present inventors subjected tungstenhexafl uoride

(mat er i &f 1 bbesubjeanc » diwtiifliledtlioon) ocontiairnpwyl Fotatbdenthehefafkuor i de as

an 20 inpurity to solid-gas reaction and / or_solid-liquid_ reaction and

sol i d- | 1% & Cotadteuh@BPSEBEBTEI &0 canAtI DAL Fed (Pt Faged hCt-hdhgpesent

i nvent i on, And J&Eﬁgrggg?wediﬁf@é%ggégm%ﬁ léif@gg_Uﬂggﬁ%rﬁéeh gﬁﬁ%fihgori de of

hi gh purity readi ectively, econom call resent

i nventi @PsPEoytdesareeihod fofspakifyisw. turigsten hexafl uoride of high
purity, characterized in that tungsten hexafl uoride, which is the materi al

to be purifiedpreontaj nichg atbdveasde st tetenuachexbd¢worbdeias amti npurity,
makes contact with a netal or alloy containing at |east gne of nolybdenum
s -.. haapiggUocg@ Rbol temperature ranging from 100 to 500C to cause

t t ickel i bal t,zinc, titani um ' | ci d
magnes O ARCE e &t U8 PAnti Aot 1OM O (4 T0BEC N THEpresie T
S Anventi gpg Rggaggﬂgﬁﬁayy%gl@; whi ch nol ybdenum hexaf | uori de nakes cont act

with the netal or o] is set to fromO to 100 C. At 100C or higher, the
rate at whi chThapgikteas anechemByeqrdetaesohaeshon folte pathier,ihand, at

tenperatures lower than 0 C, tungsten solidifies to cause clogging. Wthin
a rangetfngatént bex@@Cro20deo00306ligh trheridgfyor erhEeprefpecalyicéicandf40 to 70C
is nore preferable. Generally, a nmetal or an alloy is packed inside a
packed tungsten hexafluoride’of higher purity than in the related art
is possible in a straightforward manner and at a low cost.
15
DISCLOSURE OF THE INVENTION
Takingintoconsiderationthatdescribedabecve, thepresent
inventorssubjectedtungstenhexafluoride (material tobesubject
to purification} contaifving molybdenum hexafluoride as an
20 impurity to solid-gas reaction and / or solid-liquid reaction
and solid-liquid contact under specific conditions resulting
in the present invention and found a method capable of purifying
tungsten hexafluoride of high purity readily, effectively, and
economically.
25 The present invention provides a method for purifying
turigsten hexafluoride of high purity, characterized in that
tungsten hexaflucride, which is the materiai to be purified,

containing at least molybdenumhexafluoride as an impurity, makes

contactwithametaloralloycontainingat leastoneof molybdenum,

i



- tower having an introducing orifice and a discharging orifice ang gﬂgpgbgs
- the material to be purified fromthe introducing orifice in a ga @

liquid state. 15 The tenperature of the material to be purified introduced
into the packed tower preferably ranges from30 to 80C . Creating such
tenperature nmakes controlling of the_tenperature within the packed tower
straightforward to enable a stable parification reaction. In addition, the
~influence of the material to be 20 purified on a main portion of the packed
tover camnbetseduepderTha dreni,od@f, towe £ or i Mbi ehctheumataiiahfo be
purified is in contact with the netal depends on the surface area’of the
met al usedcand, tdel natecef ufil owaot etper i ttir©duced ngasrbs prefier@Ebly 5 to 10
m nutes.. 25 The setting of this range ensures that both reactivity and the
anount proces§ed Thér BRFECRE mE @@ tBGth deRe r AsTeeRadmMign @eomorict: poi nt of

view. The,naterial to urified is generally, [ntroduced into_the packed
t ower i%g%yké%%%% sh%}f%fg?‘?%h#e S5 SYThEctn 4L i gof d“etaill €11 24182004 4
state. 1n the case uhepetheygpterial to be purified makes contact with the
metal in a gaseous state, as Shown in Fig. 1(a), it is preferable that the

material to bgtpwotiedniignhbht roduesds SeiomH heobett om ot o the Racked tower
and di scharged fromthe top of the packed tower. On the other hand, when

the matdetakitoabespurdd tbd amleeshandl acttemddr datherarel avet thansi‘@t,e where
~there is a mxture_of both gas and liquid , as shown in Fig. 1(b), it is
pref er abPBIPREE PREIHAtEFFaFCt 62 patPdFEdIis introduced 10 fromthe top

of the packed tower and discBgr egM%ro b%f ttom. ot~ the packed tower. For
packi ng the ne%é%ﬁf%_?ﬁgnﬁgﬁ éﬁ%i P,Tb 'S réfbﬁgé%éfs WS n Fi g.
.2, {gat ?Eégeﬁgb%, 3ah§ RgckgdrhT the ng%%kgqeff%\e%lé .to forma space 2
horizontally, which i1s used as a path 1 or the material to be purified 4.
In a vertical ceypeapagkes metver oshawnal o §iigs phekibeineiak 4 ¢sicdesi t he
passing of the material to be purified and introduction of the necessary
amount BPWAHL RAVANTtIN K pirdudied ERlidweearay # edis ¢lesr gty ghef isreessur e
for supplying t material-,to be rified. hown in Fig. 2,
pgné sgpp %es the material tcP%e purgfiég %rom the iné%oducing
crifice in a gaseous or liquid state.
15 The temperature of the material to be purified introduced
intothepackedtowerpreferablyrahgesfrom36to80%3. Creating
such temperature makes controlling of the temperature within
the packed tower straightforward to enable a stable purification
reacticon. In addition, the influence of the material to be
20 purified on a main portion of the packed tower can be reduced.
The period of tTime for which the material to be purified
is in contact with the metal depends on the surface area of the
metal usedand the rate of £low of the introduced gas is preferably
5 to 10 minutes.
25 The setting of this range ensures that both reactivity
and the amount processed per unit time are both desirable from
an economic point of view.

The material to be purified is generally introcduced into

the packed tower in a gaseous state, but may also be in a liquid




20 if the path (space 2) for the nmaterial to be purified 4 is nade ir\q 2004
advance at the packed tower, a necessary flow can be regul at ed usi nd SW
pressure. Melting points and a boiling points of individual conponents are
as shown below. 25 wFs Melting point 2C, boiling point 17C Mo F6 Melting
point 17C, boiling point 32C Mo FS a,a _g~. 16 J UNZ2004 5 Melting
point 67; boiling point 214C Mo F3 stbl T mat i on poi nt 800C In the present
invention, if the tenperature at which 5 contact is nmade is set to the

boi l i ngspetat or lower of the material to be purified, introducing the
material to be purified in a gaseous state allows the material to be
purified to béodie aase xthere ofe gaseand 1l tqbedyuand exbhy bdememtact

hexaf | uori de, which has contam nated the tungsten hexafluoride, is reduced
by the 18°8oFN8-H§akatehet # o2 BPRS het a3t i R i ") rieadtion k(@ )yi ditd stabl e

o yodepurypeat oLl varL e, pd, TRLBAETA ATAL LGt g L UG coptact
| f‘ﬁre'gn;tegfffg{‘@*{i%%% ???%lg@tp%d@d tQwhe R idied 4y Fgnidhstate allows
- of the packed tower. On the other hand, when the material to

be purified makes contact with the metal in a state where there

is a mixture of both gas and liquid , as shown in Fig. 1i(b),
it is preferable that the material to be purified is introduced

10 ffom the top of the packéd tower and discharged from the bottom
of the packed tower.

For packing themetal in the packed tower, it ispreferable,
as shown in Fig; 2, that the metal 3 is packed in the packed
tower 1 to form a space 2 horizontally, which is used as a path

15 for the material to be purified 4. In a vertical-type packed
tower shown in Fig. 1, the metal resists the passing of the
material to be purified and intrroduction of the necessary amount
ocf material tobe purified (flow rate) requires a higher pressure
for suppiying the matérial“.t_o be purified. As shown in Fig. 2,

20 if the path (space 2) for the material to be pﬁrified 4 is made
in advance at the packed tower, a‘necessary flow can be regulated
using'low pressure.

Melting points and a boiling points of individual
components are as shown below.

25 WEs
Melting point 2C; boiling point 17T

MofFs
Melting point 17C; boiling point 32C

Mo F5

g
Lt }
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15 to beconme a liquid, and nmol ybdenum hexafl uoride, which is contag na§egh
with tungsten hexafluoride, is reduced by the solid-liquid reaction to

yi el d stabl e nol ybdenum pent af | uori de and. nol ybdenumtrifluoride. On the
other hand,-if the contact tenperature is set to 20 the boiling point or

hi gher of the material to be purified, introducing the material to be
purified in the gas state allows thedSmaterial to be purified to becone a
gas and nol ybdenum hexafl uori de, which has contam nated tungsten

hexaf | i i d g i d- sareaction to yield stable
nol ybdgﬁ%jfng];%g p%%j{ a :Jbﬁg’r ikg%l}'alnag %4l>lrgtdgéflizqr§t rifluoride. If the contact

tenperature igoset to the boiling point or higher of the material to be
purified, introducing the material to be purified in the liquid state
al | ows el imberdml péintbesPUEi fi ed to become a nmixture of gas and |iquid
and nol ybdenum s= 16 J UPJ 2004 6 hexaf]l uoride, which has contam nated
the tungsten RexBREuBFREBNTI 47VeRGERD: by Tt RBEs6FTBEFaEYFBadti B igRd

solid-liquid reaction.tq yield stahl.e nolyhde t oride_an
nDLfgdeﬁ%%#??ﬁﬁPd%?ﬁﬁééngﬁﬁ?ggﬁgﬁﬁ%fﬂﬁéﬁéggéﬁgq%%%géﬁ{Eﬁ?c eﬁflﬁgon,
cobalt,.zigg, phibi APEYM ¢ A HOERE LD, O3 GlAB riand TREReHNieact Sgl ecti vel y
wi th nol ybdenum hexaf i uoride, but” moi ybdenum hexaf | uori de does "not react
under tgesabovesteseribedwsotie thotsrifs wdese ithad fdlkoveo ibedde present
invention, it was found ~i 0 that tungsten hexafluoride can be purified to a
hi gh degizguae af temparat drigudid, 1608 BelViedepum ik L orvdant wdriglhl y, does

rocord Rt G TR G T EHTBORC o S e i BOTTHRE b dices
ol %fdegginigegggue%fqigﬁ ang ¢ g@ﬂf@g@%ﬁ%&%kyggh% ngygé&%t%bs@ i d-gas

i on~an or’'so Iquid reac enu wever, within

“such a henperahurepkandel BekMbdeAdMpeRbadhueri der ansk rad ybdenum
trifluoride eXthl? a stable state and a | ow vapor pressure to all ow

nol ybdenum t oIietdeposhtedtoneappackedes | ayeset esulttliengcainligat Irecititon. 20
Mol ybdenum hexaf | uori de exhibits the sanme reaction with

t ungst eRrcoPpRr Ofitekemat eshaedisaPe PAHE 1Y okt Ui M TR Eimmada iaim  and
magnesi yum t o produce .nol ybdenum pent uoride and mol.ybdenum trifl uoride.
Faor+ abs 1 oRReSLETuree L GPa R S Sl ere R il SR h B Fla { Hdboe

met ad s o t exhi.hit | - abd e |l ected
froﬁ#thgél§§%¥£#£g§h?gﬁ%?ﬁé E%?%Jm?g?%%gﬁgg.h%ﬁ%gg%gﬁlﬁg'ngﬁaggbgﬁgnatic
because cicht+becerks dt Wigst erudd $osh deex ACTOS idg, t Ost hedpeesemty ittwenti on,

solid-liquid contact of the material in the liquid state for purification
wth theolid—liquid reaction to yield stable molybdenum pentafluoride
and molybdenum triflucride.
On the cther h;nd,*ig the contact temperature is set to
20 the boiling point or higher of the material to be purified,
introducing the material to be ?urified in the gas state allows
the material to be purified to become a gas and molybdenum
hexafluoride, which has contaminated tungsten hexafluoride, is
reduced by the solid-gas reaction to yield stable molybdenum
25 pentafluoride and molybdenum trifluoride.
If the -contact teﬁperature is set to the boiling point
or higher of thematerial tobepurified, introducing thematerial

to be purified in the ligquid state allows the material to be

purified to become a mixture of gas and liquid and molybdenum




;#7200 8 According’to the present invention, materials use

1 s ~u~ 2ao~ 7 nmetal allows easy separation and collection of fluerpi des /6
nol ybdenum exhi biting a solid state at such tenperatures. According to the
present invention, the nmetal used for renoval of nol ybdenum hexafl uoride
contam nating tungsten 5 hexafluoride is not restricted in quality, but
used generally in a linear, swarf, and particle state. Powder and
particul ate states are preferable in“order that contact of the gas taken as
the material to be purified and a liquefied material to be purified with
the metakxhslLopravedhild Exsessiwaipatbicle: 8hzgscansekaraactiivdy to be
poor and a particle size of Immor smaller is therefore preferred. If
particl esstgduextéadsht i idpacesaaciuorbehvesnl Fahufard netaalts cnhat  al | ow
fluid constituting the material to be purified to flow easily. If the fluid
does notOf | 6iPtH = tahtisul Serl vivdemer PREURFURETWIR anst aI“Wédfel%Wthrough
t he sanﬁgg%éh angewi |l therefore always react with the same netal, which

t .

Qrl . . . P
nmeans e reaction is not perfornmed in a sufficient manner. A | ower

limg of the pafiiabaufl 2@ dsduel e58bly, hilgan If-dhecpahiicla qize is
smaller than 1 nim surface area becones | arge 20 ‘excessi vel y"  and causes an
i ncr easeikcAnanmamalahiof uan axidiurd, land negrds oamt hea stirdegee-twhieah; | nhi bits
the reaction. Particle distribution is not restricted. Because nol ybdenum
pent af | Héthdro hyled vy heemdrhuoriitdey ob it enprvbdigced byxahbuprddetdars react i on

of nol ybdenum hexafluoride with the netal 25 r.alloy) covers the netal
(or all8yy Ieené& EBPFﬁcEgﬁré O¥f HRECHLPET ‘El%lge\%l?%orb‘? eferably large. The

larger the S“Ef-\;sa&@séfdlez?e&ﬁb%li}%é’c‘fﬁgghﬁéfep%ﬂf% g%ﬁg'gﬁéﬁﬁ was £ound

nol ybdenunmhexaf | uori'de 1's col al use or the
packgd tower cangsthgrned el psef @t ally penBhitifle§itze a higﬁ_cfieg‘ree dx B JU~d
for the packed
tower andtensotiectorar @)™ or kxasp) ehishai ddessnist@el 1w ekek,nand
copper. The packed tower is preferably cylindrical because a cylindrical
shape | Pecasy themakeldStaiafl é889stesl hart Eoppete Dlapeh g s the
material of the pi According to the present inyention mount of

. , t
ol ybdenum hex4 Oﬁpﬁi?inae cont amifat | REETTRst éﬁlv‘ g%éppuor |r&%fﬁ%$%r?15“ and
after p réxfalﬂ%togqo'af Eg%ﬁ?ﬁ@é%ﬂ)’bé .ux&’?e)n-E%%l%@li@te %tﬁdrﬂ?@’ aum can be

nmeasured up to detection ['im BRI EF DESCRI PTI THE

DRAY¥ NGS rRifguckiide @ueonsept $ial i vt gy ShowWtigra anelt fody f 951 1 dd T DEtd ng
reaction with molybdenum. However, within such a temperature
range, molybdenum pentafluoride and nmiybdenum trifluoride
exhibit astablestateanda icwvapor pressure toallowmolybdenum
to be deposited on ahpackeg layer resulting in collection.

20 Molybdenum hexafluoride exhibits the same reaction with
tungsten,copper,nickel,iron,cébalt,zinc,titanium,aluminium,
calcium, and magnesium to produce molybdeHUHlpentafluoride and
molybdenum trifluoride. Fluorides of these metals are also
produced simultaneously. All these metals except tungsten

25 exhibit stable solid étates and can be collected from the layer
inwhich themetal ispacked. Tungsten isnotproblematicbecause
it becomes tungsten fluoride.

According to the present invention, solid-liquid contact

of the material in the liquid state for purification with the

LA R
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the material to be purified to the packed tower. Fig. 2 is a conceptual

vi ew show ng a nethod for packing a netal 15 in the packed tomer1gng“@2m4
met hod for introducing the material to be purified to the packed tower.
BEST MODE FOR CARRYI NG OQUT THE | NVENTION The following is a specific
description of the enbodi nents 20 of the present invention. Enbodi nent

1- 14; Conparative Exanple 1-2 In a pUrifying step of the present invention,
the source gas to be purified is passed through a netal packed tower so 25

as to nRkea¢onfael sapd il hdenymon MR A A48 coldeqtied sNext . puri fi ed
gas is collected by a collectortoyieldpurifiedtungsten hexafluoride. The

net al - adéypdeked tewebiusad hssobde ofastaknl esshstespefHUS S16L) and has
an internal dianmeter of 50 nmand is 1000mm .ia.; Y~ 1 ~ uurv 20a4 9
| ong. 1700cc 6fcpedangi sopabRedrépenhel paeketon overe matal siasskbdorere (1)

| ybd t . (3 4) nickel, (5)_ iron, (6) cobalt, (7
ey (BT dhi v Te8y Eetilin S G R0 aFOr AT aRBL P aedatest am |
Th | . f i ng i .packed, t ith
par 13 of Searsd 851 BEP R S8 Lo BARH 00 A T BRI PR HEE B & e
of 1 L/ ifiA.1{dfdhe Goldechon ysedifos & pW i boadeRr 944GHa i s qyldmdrical,

ir's made of stainless steel and has an inner dianeter of 75nm and a | ength

of 500Mmte8ES304E. preferable in order that contact of the gas taken
as the material to be purified and a ligquefied material to be
purified with the metal is improved.

10 Excessiveparticlesizecausesreactivitytobepoorandaparticle
size of 1lmm or smaller is therefore preferred. If particle size
exceeds 1 mm,rspaces occur between granular metals that allow
fluid constituting the material to be purified to flow easily.
If the £fluid does not flow in a turbulent manner, the fluid will

15 always flow through the same path and will therefore always react
withthesaﬁemetal,whichmeansthatthereactionisnotperformed
in a sufficient manner.

A lower limit of the particle size is preferably 1 4m. If the
particle size is smaiier”than 1 mm, surface area becomes large

20 excessively and causes an increase in an amount of an oxide film
formed on the surface which inhibits the reaction.

Particle distribution is not restricted. Because molybdenum
pentaflucride and molybdenum trifluoride produced by the
reduction reaction of molybdenum hexafluoride with the metal

25 {cr alloy) covers the metal (or alloy), the surface area of the
metal used is preferably large. The larger the surface area of
themetal (oralloy) themoremolybdenumhexafiuoride iscollected.

. The particles of metal used for the packed tower are therefore

preferably small in size.

E
o .



The tenperature of the collector is kept in arange fromO to 10C. 15
Tungsten hexafluoride is purified under the conditions shown in Taci:)E;t-;:JUJ,;J.m,i
The results are shown in Table 1. It can be seen that purification
according to the nethod of the present invention--provides very preferable
renoval ~of .20 nol ybdenum hexaf | uori dg contam nati ng tungsten hexafl uori de.
After the collector is heated to 20C”and tungsten hexafluoride is vapori zed
to be discarded fromthe collector, nolybdenuminpurities are not collected

by the motbeding,tdtite direseodkl aotedt iconphet ef ya by ukbd fat ahe packed tower.
25 Enbodi nent 15-26 In a purifying step of the present invention, a source
gas to bevwparddd ed=9klgiszedrehricughxanpte als packed st ohee L soiaketlo nake

contact wi.th the netal ang nolgbdenun1i uri% es e .~ S ~u~a 2004 to
Col | ect B NBRTS ™1 I BFFEEFoF CEoF |t PESpar PP G5 57 bR i | ed
t ungst en L%?%%%{J;’Péég%hak@ei@éﬁﬁ Racked. t awer; used 51?3&?%% foglalnl ess

steel ( wth an 1 nner anet er ~of nm an eng ¥ 6000 5 mm
and g hegpackeddagBunheWastd7991c6r Metapspaised were (1) nol ybdenum (2)

tungsten, and 7(3) alum num These netals are prepared as grains of powder
or grai Ascofkdanpatbi the przeent Ontehtiotp hemmndithtThe teripérdaiiune for
purification_ is 50C. The source gas to be purified is supplied at a rate of
1L/ nih?X¢ﬁéu@éFﬁécF@Pt@§é@a¢éﬂQtﬁ@ﬂﬁﬁﬁﬁﬂi@@xﬁﬁéﬁﬁéﬂdﬁs : loredrarshl , and
ot &bEBs SRt A SR M D5 2R NYHER B TSRAN AR (Ot h Of

moiybdenum can be measured up to 0.04 ppm (detection limit.)

10 - ' S

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a conceptual view showing a method for introducing

the material to be purified to the packed tower.

Fig. 2 is a conceptual view showing a method for packing a metal

15 in the packed tower and a method for introducing the material

to be purified to the packed tower.

BEST MODE FOR CARRYING OUT THE INVENTION

Thefollowingiéeaspecificdescriptimnoftheembodiments

20 of the present invention.

Embodiment 1-14; Comparative Example 1-2
In a purifying step of the present invention, the source
gas to be purified is passed through a metal packed tower so
25 astomakecontactandmolybdenumimpuritiesarecollected. Next,
purifiedgasiscollectedbyacolleétortoyieldpurifiedtungsten
hexafluoride. |
The metal-made packed tower used is made of stainless steel

{SUS 316L) and has an internal diameter of 50 mm and is 1000mm

AR



The tenperature of the collector is kept in arange fromO to 10 C .

Tungsten hexafluoride is purified under the conditions shown in TahQlge JaN ﬁg,
The results are shown in Table 2 and It can be seen that purlflcatlon ¥
according to the nethod of the present invention provides very preferable
removal of nol ybdenum hexafl uoride contam nating tungsten hexafl uoride.
After the collector is heated to 20C-and tungsten 25 hexafl uoride

i svapori zedso astobe di scardedfronthe collector, nolybdenuminpurities are
not col leeted by the collector, but rather collected conpletely by the.

net al packed tower. (Enbodinments 27-36) i 1 6 JUN 2004 11 In the
purifying step’/d0ccheipresent isnpenkidnint heenptekedl tbeebe purified is
passed in a liquid state through a_netal packed tower so as to make cont act

with the metaM<&Ad Snd?§HUERGN nﬁallir”?ii%@mar e 2CoF HREE BRI Next Copprt
collectq@ﬁ hh%%gipurgld§gg§st§%ygfl ]ﬁ;p%ﬁngﬁ eélqutgnghexaflugélde The

met al pac ower SEH 1BtYani”has an

i nnes di;angtier: &f, 50 oymandiik,| Q88 M) opdgnasdukhe packed amount is 1700
cc. Metals used are (1) hastelloy, (2) nmone’y (3) stainless 10 steel, (4)

mol ybdenum armhe(s®) mbuagstere: ptheaecnefat $aarkd ngr éparted pagkpawden=20 a min
size and 1 mmparticle grains. The tenperature for purification is 50C. The
sour ce @gas Hdorerpwiith catdeartiicd essppki ed at Yanrate of
' The socurce gas to be purified is supplied at a .rate of
1 L/ min. |
10 The collector used for a purified product is ¢ylindrical,
is made of stainless steel and has an inner diameter of 75mm
and a length of 500mm (SUS304).
Thne temperature of the collector is kept in a range from
0 to 107TC.
15 Tungsten hexafluoride is purified under the conditions
shown in Table 1.
The results are shown in Table 1.
It can be seen that purification accerding to the method
of the present inven%ionnp;ovides very preferable removal of
20 molybdenum hexafluoride cohtaminating tungstén hexafluoride.
After the collector is-heated to 20C and tungsten
hexafluoride is vaporized to be discarded from the collector,
molybdenum impurities are not collected by the collector, but
are collected completely by the metal packed tower.
25
Embodiment 15-26
In a purifying step of the present invention, a source
gas to be purified is passed through a metal packed tower so

as to make contact with the metal and molybdenum impurities are

L
e
.



15 1 L/ mn. The collector used for a purified product is cylinﬂr Emmatde
of stainless steel, and has an inner dianeter of 75 mmand a le 8t P éOO
nm (SUS304). The tenperature of the collector is kept to a range fromO to
20 10C . Tungsten hexafluoride is purified under the conditions shown in
Table 3. The results are shown in Taﬂge.S and it can be seen that
purification according to the nethodof the present invention 25 provides
very preferable renoval of nol ybdenum hexafl uori de contam nating tungsten

hexaf | uesltectAfit ernd:te, aold eet 0k cheat @sh 1a-29 farard Jupgst en Jiexaf | uori de
was vaporized to discard fromthe collector, nolybdenuminpurities are not
col | ectedrbyietetopbeenohexbliuoride6 J U N 2004 12 are collected in their
entirety by the netal packed tower. | NDUSTRI AL APPLI CABILITY According to
the present inlBnPEBAL PERGEEehONERatPedr U s Do hiPrrigureasy e lbe

obtatnedsbessLi, APEL XA B0 epno 6Bl LT8R (5311 1

5 mm and the packed amount was 1700 cc.

Metals used were (1) molybdenum, (2) tungsten, and 7(3)
‘aluminum.

These metals are prepared as grains of powder or grains
of a particle size of ¢.1 #4m to 1 mm.

10 The temperature for purification is 50TC.

The source gas to be purified is supplied at a rate of
1 L/ min.

The collectorused for the purifiedproduct iscylindrical,
and made of stainless steel with an inner diameter of 75mm and

15 a length of 500mm (SUS304}).

The temperature of the collector is kept in a range from 0 to
10C.

Tungsten hexafluoride is purified under the conditions
shown in Table 2.

20 The results are shown in Table 2 and It can be seen that
purification according to the ﬁethod of the present invention
provides very preferable removal of molybdenum hexafluoride
contaminating tungsten hexafluoride.

After the collector is heated to 20°C and tungsten

25 hexafluorideisvaporizedsoastobediscarded fromthe collector,

molybdenum impurities are not collected by the collector, but

rather collected completely by the metal packed tower.

(Embodiments 27-36)

-
e .
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Met al usedPretreatment (ppn) Post-treatnent (ppm Enbodi nent
120Mol ybdenunB00GD. 04Enbodi ment 2100Mbl ybdenun2000Q0. 04Embodi ment 4 ¢ jun 2004
- 320Tungst en3500<0. 04Enbodi nent . 450Tungst en3500<0. 04Enbodi nent

580Tungst en3500<0. 04Enbodi nent 650Tungst en3500<0. 04Enbodi nent

750N ckel 3500Q0. 04Enbodi nent 850l ro 00<0. 04Enbodi nent
950Cobal t 3500Q0. 04Enbodi ment 1050Zi nt3500<0. 04Enbodi nent

1150Ti t ani umB8500<0. 04Enbodi ment 1250Al um nunB8500<0a04Enbodi nent

1350Cal thunB500«0: ObEndosit apnd £ 14150 Meugnesi t iBELEN 4 Campahatdiews Bxanpl e
1300Tungst en220010Conpar ati ve Exanpl e 2150Mdl ybdenunB800I 00 ,e.~ 1 6 JUN
2004 13CpTbPEr2Yipdrig Peasicenie endi Uk bh My adenclene el foretal Weeart i cl e

si zeMet

| dPr et t Past -t t t m .Enbodi t 150.1
ol y DERE B 0 DA KNBOH AERT LEa0: & PELRAF Y BACIRBG0ED O EiGdafent 171
Leml 04E | =Gl 0 di. 19
Tungst Sr3500<0 OAETb0GT KBt 262 LT InGel enaa0000 OdEmseaT Ra et

218l . nhungstea3bQ0s0t 04ERbadEMEAt14215, u. nTungst en3500<0. 04Esbodi nent 231
nmmlungst en3500<0. 04Enbodi ment 242 LcmAl um nunB8500<0. 04Enbodi nment

251 51 cnAl umi nTihB506<€81 0A&abedi hewer 264edmids umd arl nBSE<0L ri4Gonpateatl ve
Exanpl e 32 nnﬁungstenZOOOlOCbnparatiye Exanpl e 43 mmvbl ybdenunB0030 s. ..
.~ s JuNSP8adlek) TaBrehssPaRi iNRAE| OHRBAEPT i OhMP dBhceHt rat 118G mn

WF6Part i cl eMet al edPr et r eat nent Post - t ment si ze(ppm (ppn Enbodi nent .
2720 U St 81 Fo) 0020 G RNBRAL RNt > 261 it of | oy300<0" 04Embod ment. 2910

eSS0 SRR 0L ey st

| cnSt ai nl ess3500<0 04st eel .

- MBRYP0<BiB84st eekEnbodiynaahua318niCiBungshgs8s00<0. 04Enbodi nent 341.. .
“mmTungst en- - 3500Q0. 0O4Enbodi ment 3510 || . mvbl ybdenunB8S00<0. 04LEnbodi nent
36~ 1 mrivbl ybtersrBho0xDs04re prepared as powder 10 Um in size and 1

mm particle grains.
The temperature for purification is 50C..
The source gas for purification is supplied at a rate of
15 1 L/ min.
The collector used for a purified product is cylindrical,
made of stainléss steel, and has an inner diameter of 75 mm and
a length of 500 mm {SUS304).
The temperature of tﬂe collector is kept to a range from 0 to
20 10TC.
Tungsten hexafluocride is.purified under the conditions
shown in Table 3.
The results are shown in Table 3 and it can be seen that
purificaticn according to the method of the present invention
25 provides very preferable removal of molybdenum hexafluoride
contaminating tungsten hexafluoride.
After the collector heated to 20 C and tungsten
hexafivoride was vaporized-to discard from the collector,

molybdenum impurities are not collected by the collector, but




~ g JUN 204 15 WHAT IS CLAIMED I'S: | . A nmethod for purifying tungsten
hexaf | uori de of high purity, characterized in that tungsten hexafﬂ%dpﬂd@P“
constituting a 5 material to be purified, containing at |east nolybdenum
hexaf | uoride as an inpurity, makes contact with a nmetal or an all oy
containing at |east one of nolybden tungsten, copper, nickel, iron,
cobalt, zinc, titanium alum num calcium and nmagnesium at a tenperature
ranging from0O to 100C. 10 2: The method for purifying tungsten

hexaf | uaredecdbtentgd purihyiaceor diagy tloy ctlad metakhmacteriaed i n t hat
"said material to be purified makes contact with a powdered and/ or granul ar
metal or alloy. 15 3. The nmethod for purifying tungsten hexafl uoride of

hi gh pu&gbgsgﬁgggfhng&gAgkﬁi@%2, characterized in that a particle size of
an ar

sai d powdere or granu nmetal or alloy is 1 nmor smaller. 20 4. The
met hod for punkfyiAgngungehen hexah! uordde of blLahsPHRiHMkAOGY.dIg to any
one of claim1 to clam 3, characterized in that said material of

puriF i cafi dnigrakpsrcont actn whbé h cbtadhald oreadi b} | oyfrbatiivela, miaddre of a
gas and a liquid. 25 5. The nethod for purifying tungsten hexafl uoride of
hi gh puBFPpoRéestdivng to any one of claim1 to clam 3, characterized in
that said tungsten hexafl uoride containing nol ybdenum hexafl| uori de as an
impurity nakes contact with a nmetal or an all oy. 16J U~ 2004 16 6.
The neth b&grlpurifying tungsten hexafluoride of high purity according to
cany one_of claimi to clam5b, characterized in that said powdered and/ or

ranular netal or allloy Psrpaékedipn a packed r .t reat.e ace
?ateral ly and the spac)e/ isccfiszticti&ras a I[d)atﬁ? oéroqt eentr}%ttgralnallq gﬂf?g
. purified. Temp. : Pretreatment { Post-treatment
S o Metal used
: (C) (ppm) (ppm)
Embodiment 1 20 Molybdenum 300 <0.04
Embodiment 2 100 Molybdenum 2000 <0.04
Embodiment 3 20 Tungsten 3500 <0.04
Embodiment 4 50 Tungsten 3500 <0.04
Embodiment 5 80 Tungsten 3500 <0.04
Embodiment 6 50 Tungsten 3500 <0.04
Embodiment 7 50 Nickel 3500 <0.04
BEmbodiment 8 50 Iron 3500 <0.04
Embodiment 9 50 Cobalt 3500 <0.04
Embodiment 10 50 Zinc - 3500 <0.04
Emnbodiment 11 50 Titanium 3500 <0.04
Embodiment 12 50 Aluminum 3500 <0.04
Embodiment 13 50 | Calcium 3500 <0.04
Embodiment 14 50 Magnesium 3500 <0.04
ngg;;ilee 300 Tungsten, - 2200 10
Cgmparatlve i50 Mol ybdenum 300 100
xample 2
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1 6 JUd 200w 17 ABSTRACT To provide a nmethod for purifying tungsten

hexaf | uori de of high purity,

hi gher 5 purity than that of the related art,
Anmet hod for purifying tungsten hexafluoride of hi gh purity,
in that tungsten hexafl uoride contai
inpurity, nmakes contact with a | ayer;
containing at 10 | east one of nolybdenum tungsten,
titanium alum nium calcium and nagnesiumat a
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- 25'5. The nethod for purifying tuhgsten hexafluoride of high purity

according to any one of clarml1 to clam 3,

characterized in thatygaudl 2004

tungst en hexafl uori de contai ni ng nol ybdenum hexafl uori de as an inpurity

" makes contact with a netal
Amrendnent 16 6. The net hod for

purity according to any one of clai

said powdered and/ or granul ar

nmet al

or an alloy.
puri

4"

to clam 5,

16 J UN 2004 PCT Art.
g tungsten hexafl uoride of high
characterized in that
or alloy is packed in a 5 packed tower

34

to crealebaespace | at eraIIy and the space is used as a path for the

mat er fat—to be puri fied:
CAY. AV A LA #. A\p A5 AN KKF\%\E i\aﬂl‘}&‘k AK) . Afto. AbnéRBrpdwkdghvin wr,
_ {qu g)] X] ca] ca] ca] Ca 1 eal-e C:,Ol’l 1 n:ﬂ cal q calcalcalcal r\:ﬂ r‘;ﬂ r‘a] ca] C"] Ca] ca
] ca] ca] ca] ca] ca] ca] ¢a 551181 ]eca\l;atcﬂ blse@ Pretreatment [Post-treatment
r{vgl gblxd-cal calcalcal csﬁ'HZﬁnl dal cal ca] ca].ral] d@RHU| ca] ca) cajrmidica] caljca] ca]
calca Eﬁ’{?@é]l@a]‘x@aica] dd) oapcal Bafptalbap. h6u 300 <0.04
% 3RY{ EgbghliXpea] 28] calicakca]|caheaktaboa] ca] calora] caUca] calf cgf cajcd] cal ca
| cal cakgabeaheal.cabeal ol eql Gal Cabealcal EDZI09t 08 [ <o 04—
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| 2. The method for purifying tungsten hexafluoride of high purity

according Lo claim 1, characterized in that said material to
be purified makes contact with a powdered and/ or granular metal
or alloy.

15
3. The method for purifying tungsten hexafluoride of high purity
according to claim 2, characterized in that a particle size of
said powdered and/ or granular metal or alloy is 1 mm or smaller.

20 4. The method for purifying cungsten hexafluoride of high purity
according to any one of claim 1 tc clam 3, characterized in that
said material of purification makes contact with a metal or an

alloy that is a mixture of a gas and a liquid.

25 5. The method for purifying tungsten hexafluoride of high purity
~according to any one of claim 1 to clam 3, characterized in that
said tungsten hexafluoride containing molybdenum hexafluoride

as an impurity makes contact with a metal or an alloy.
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